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1 Introduction
To better support URLLC in Rel.16, which has more stringent requirements on both latency (in the order of 0.5 to 1ms) and reliability (up to 1E-6 level) [1], enhancements would be needed for uplink grant-free transmission, i.e., Type 1 configured grant PUSCH transmission and Type 2 configured grant PUSCH transmission. In RAN1#95 meeting, the following agreement was achieved for configured grant enhancements on explicit HARQ-ACK feedback [2]:

Agreements:
· For whether to support explicit HARQ-ACK for configured grant for UL, at least study further gNB’s missed detection performance of the PUSCH under configured grant

· Study how to resolve gNB’s missed detection if it is an issue 

· Study should take at least following into account:

· Companies report the false alarm target 

· Companies report the DMRS configuration assumptions

· The number of UEs sharing the time/frequency-domain grant free resource: 1 is the baseline, larger than 1 can also be considered 

In this contribution, we further discuss the benefits and also the design of explicit HARQ-ACK feedback. 
2 Discussion
2.1 Benefits of explicit HARQ-ACK feedback
In Rel-15 NR, a Timer-based HARQ-ACK feedback mechanism is introduced for configured grant PUSCH transmission, where a UE shall assume ACK when a pre-defined Timer expires. This kind of implicit HARQ-ACK feedback mechanism can help reduce the signaling overhead (as compared with explicit feedback) based on a quite strong assumption that an optimal (or small) repetition number K can be configured for each UE and the TB is able to be received and successfully decoded at gNB with a high probability. However, as the requirements on latency and reliability (as high as 99.9999% or up) are more stringent for URLLC traffic in Rel.16, such an implicit HARQ-ACK feedback mechanism is not applicable anymore due to at least the following considerations:

· To meet the 99.999% reliability requirement of URLLC services, DMRS miss detection probability should be lower than 99.999%. However, for UEs (e.g., cell edge UE) experiencing quite poor channel conditions or suffering strong intra-/inter-cell interference, DMRS detection performance may not be good enough to meet the reliability requirement. To investigate the miss detection probability for such case, DMRS detection performance of single PUSCH transmission with and without intra-/inter-cell interference are simulated, and the results are shown in Figure 1. In the simulation, 6 potential UEs are assumed, of which only one UE is active. For DMRS configuration, 1-symbol front-loaded DMRS with Type 2 configuration is used. And to model the interference,  an interfering UE is assumed to transmit data in the DMRS symbol of the active UE with a same Tx power (as illustrated in Figure 3 of [3]). Other simulation parameters are given in Table A in the Appendix. From the simulation results we can see that, with intra-/inter-cell interference, miss detection probability of single PUSCH transmission cannot reach 1E-5 even for 1% FAR (false alarm rate), thus cannot meet the 99.999% reliability requirement for DMRS detection. As GF2GB retransmission is not possible when miss detection occurs, a timer-out as ACK will lead to no retransmission even if there is still time budget for the TB, and as a consequence, the 99.999% reliability requirement of URLLC services cannot be met.   
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Figure 1 DMRS detection performance with and without intra-/inter-cell interference
· One way to guarantee a good DMRS detection performance for URLLC is to repeat the PUSCH transmission (either slot-based or mini-slot-based) with a large repetition number K (e.g., 4 or 8), which can also help to improve the decoding performance through combining in receiver side. However, due to channel/interference environment variations, it is still possible that a TB can be successfully detected and decoded by first few repetitions. In this case, without explicit ACK feedback, repetitions cannot be early stopped and as a result, the rest of the K repetitions will not only delay the delivery of new packets from the same UE but also cause interference to other UEs sharing the same T/F resources, which incurs detection degradation for both the user itself and others.

With explicit HARQ-ACK feedback, on one hand, UE is able to know whether the PUSCH transmission of a TB is successfully decoded or miss detected. For example, if no grant or ACK/NACK for the TB is received within a timer, UE can determine the transmission is not detected. Then it can transmit the TB again within the latency bound using the same or a different HARQ process to improve the reliability. On the other hand, when a large repetition number is configured to improve DMRS detection performance and also data decoding performance, explicit ACK can facilitate the termination of the repetitions in case the TB is early-decoded successfully, thus the overall performance can be further improved in terms of both latency and reliability. 
To quantify the gain that can be achieved by early-termination, as shown in Figure 2, repetition schemes with and without early termination are compared in Power Distribution use case with packet size of 250 bytes and packet arrival rate from 800 to 1200 packets/s/user (note that packet arrival rate of 1200 packets/s/user corresponds to packet arrival interval of 0.833ms defined in [4]). In the simulation, 10 users per cell are assumed, and the users are divided into two groups with each group containing 5 users sharing half of the total bandwidth. Subcarrier spacing is set to 60 kHz with carrier frequency of 4 GHz. These parameters follow the agreed evaluation assumption for Power Distribution use case, and other system assumptions are given in Table B in the Appendix. For early termination, one more repetition is transmitted considering a delay of ACK to the UE. From the simulation results we can see that, with early termination, a considerable performance gain can be achieved in terms of the ratio of users satisfying both latency (7ms air-interface latency) and reliability (99.999%) requirements. For example, 4 repetitions without early termination cannot even work @PAR=1200 packets/s/user (12000 packets/s/cell) for both MMSE-IRC receiver and advanced receiver, while with early termination, more than 93% users can satisfy both latency and reliability requirements when advanced receiver is used. Note that 4 repetitions with early termination also outperforms fewer (e.g., 2) repetitions without early termination, e.g., the satisfied UE ratio can be increased from 69% to 83% and from 85% to 93% with MMSE-IRC receiver and advanced receiver, respectively. 
Therefore, with early termination, there is no need for gNB to pre-determine an optimal repetition number, which is in fact not possible as the repetition number is semi-statically configured and the channel/interference environment is always changing. Instead, gNB can just configure a relatively large repetition number together with early termination. This can on one hand guarantee a good DMRS detection performance, and on the other hand take fully use of the channel variations and improve the overall performance in terms of both latency and reliability for URLLC.
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Figure 2 Performance comparison of different repetition schemes
Observation 1: Explicit HARQ-ACK feedback can enable UE to know whether the PUSCH transmission is successfully decoded or miss detected. If the transmission is not detected, retransmission can be triggered by UE itself to improve transmission reliability for R16 URLLC traffic.
Observation 2: Early termination enabled by explicit ACK feedback is an efficient way to take fully use of the channel variations for both Type 1 and Type 2 configured grant, with which there is no need for gNB to pre-determine an optimal repetition number.

Observation 3: Early termination enabled by explicit ACK feedback can reduce the queuing delay of the new packets from the same UE and also the interference to other UEs, thus can improve both latency and reliability performance for R16 URLLC traffic. System-level simulation results show that a considerable performance gain can be achieved by early-termination in Power Distribution use case.
2.2 Design of explicit HARQ-ACK feedback

Based on above analysis, to improve configured grant PUSCH transmission performance, a HARQ-ACK indication is required to serve as an acknowledgement of positive or negative decoding of a TB. To achieve this, both group DCI and UE-specific UL grant can be considered for the delivery of HARQ-ACK indication: 

· In case of using UE specific DCI,  in order to minimize the standards impact, little modification to currently agreed GF2GB grant message can be made to accomplish this. For example, for Type 1 configured grant, a DCI scrambled with CS-RNTI carrying NDI=0 can be used for indicating ACK; while for Type 2 configured grant, a DCI scrambled with CS-RNTI carrying NDI=0 and without special fields setting for activation validation can be used for ACK indication.

· In case of using group common DCI, there could be two different ways to implement it. One is to have a format similar to LTE DCI format 3/3A, where the location of each UE is identified using the UE position index. If multiple HARQ processes are used for each UE, the HARQ process ID information can also be potentially included in the UE position index for group DCI. Another approach is to have a group RNTI associated with the configured grant transmission resources (e.g. as a function of at least the time unit) like a RA-RNTI. For this scenario, the UEs accessing the same GF resources are considered in a same group for group DCI. The group DCI may still use a bit map format. The advantage of such an approach is that, unlike the other approach where the group of UEs are preconfigured in RRC, the UE group does not have to be defined in advance, which matches better with actual configured grant transmission as the group of UEs accessing the same resources may change over time.

Proposal 1: For both Type 1 and Type 2 PUSCH transmission with configured grant, explicit HARQ-ACK feedback during or after K repetitions should be supported f Rel.16.

· Both group common DCI and UE-specific DCI can be considered for the delivery of HARQ-ACK indication.
· NACK can be assumed if no ACK or UL grant for retransmission scheduling is received when a grant-free transmission timer expires; a grant-free retransmission can be performed by a UE upon NACK.
3 Conclusion 
In this contribution, we discuss the enhancements for PUSCH transmission with configured grant. Observations and proposals are summarized below:
Observation 1: Explicit HARQ-ACK feedback can enable UE to know whether the PUSCH transmission is successfully decoded or miss detected. If the transmission is not detected, retransmission can be triggered by UE itself to improve transmission reliability for R16 URLLC traffic.
Observation 2: Early termination enabled by explicit ACK feedback is an efficient way to take fully use of the channel variations for both Type 1 and Type 2 configured grant, with which there is no need for gNB to pre-determine an optimal repetition number.

Observation 3: Early termination enabled by explicit ACK feedback can reduce the queuing delay of the new packets from the same UE and also the interference to other UEs, thus can improve both latency and reliability performance for R16 URLLC traffic. System-level simulation results show that a considerable performance gain can be achieved by early-termination in Power Distribution use case.

Proposal 1: For both Type 1 and Type 2 PUSCH transmission with configured grant, explicit HARQ-ACK feedback during or after K repetitions should be supported f Rel.16.

· Both group common DCI and UE-specific DCI can be considered for the delivery of HARQ-ACK indication.
· NACK can be assumed if no ACK or UL grant for retransmission scheduling is received when a grant-free transmission timer expires; a grant-free retransmission can be performed by a UE upon NACK.
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Appendix

Table A Link-level simulation assumptions
	Parameters 
	Values 

	Carrier frequency 
	4GHz 

	Waveform 
	CP-OFDM 

	Subcarrier spacing 
	30KHz 

	Channel model 
	TDL-C100 

	Number of allocated PRB 
	8

	BS antenna configuration 
	4Rx 

	UE antenna configuration 
	1Tx 

	UE velocity 
	3km/h 

	DMRS detection mechanism 
	Time-domain correlation 

	DMRS pattern 
	1-symbol front-loaded DMRS with Type 2


Table B System-level simulation assumptions at 4 GHz for urban macro for power distribution
	Parameters
	Value

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	500m

	Carrier frequency
	4 GHz

	Channel model
	UMa in TR 38.901

	UE Tx power
	23dBm

	BS antenna configurations
	4 Rx

4 ports: (M, N, P, Mg, Ng) = (10, 2, 2, 1, 1), 4 TXRU
dH = 0.5λ, dV = 0.8λ

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi, 0 dB cable loss

	BS receiver noise figure
	5dB

	UE antenna configuration
	2 Tx, (M, N, P, Mg, Ng; Mp, Np) = (1, 1, 2, 1, 1)

	UE antenna height
	Follow the modelling of TR 38.901

	UE antenna gain
	0 dBi

	UE receiver noise figure
	9 dB

	BS receiver
	MMSE-IRC, advanced receiver (EPA)

	Number of UEs per cell
	10

	Simulation bandwidth
	40 MHz

	SCS
	60 kHz

	UE distribution
	100% of users are outdoors

Use 3 km/h for modeling fading channel

	Simulated packet number per UE
	1.5x106.
To shorter the simulation time, a simplified methodology of estimating the average BLER to represent the actual average packet drop rate is used [5]. This methodology was proposed in [5] for URLLC and agreed in RAN1#93 meeting [6].

	UE power control
	Open-loop power control

	HARQ/repetition
	2 repetitions without early termination,

4 repetitions without early termination

4 repetitions with early termination


